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(57) ABSTRACT

A switching power supply apparatus includes an isolated
converter that has efficiency characteristics in which power
conversion efficiency at a rated load is higher than power
conversion efficiency at a light load and that converts
power-supply voltage into direct-current voltage to output
the direct-current voltage; an FET that switches supply and
shutoff of the power-supply voltage to the isolated con-
verter; a secondary battery that stores the direct-current
voltage output from the isolated converter; a voltage detec-
tor that detects an amount of charge in the secondary battery;
and a controller that switches the FET on the basis of the
amount of charge in the secondary battery.
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1
SWITCHING POWER SUPPLY APPARATUS
INCLUDING CONTROLLER THAT
SWITCHES A SWITCHING UNIT BASED ON
THE AMOUNT OF CHARGE IN A CHARGE
UNIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a switching power supply
apparatus capable of improving its power conversion effi-
ciency to reduce power usage.

2. Description of the Related Art

It is desirable in recent years to reduce power loss when
an apparatus is not used in terms of energy saving. Japanese
Unexamined Patent Application Publication No. 2002-
62952 discloses an apparatus that stops supply of power
from a power supply unit, such as an analog-to-digital
adapter, to a system at power-off or at light-load and supplies
the power from a battery that is charged to the system to
reduce the power loss.

However, the apparatus described in Japanese Unexam-
ined Patent Application Publication No. 2002-62952 per-
forms control so as to switch the supply of the power from
the power supply unit to the battery depending on the state
of the load, regardless of the state of the battery. Accord-
ingly, there are problems in that it is not possible to
effectively use the energy of the battery and, thus, the
reduction effect of the power usage is small. In addition, the
apparatus described in Japanese Unexamined Patent Appli-
cation Publication No. 2002-62952 has problems in that,
since it is necessary to provide a circuit to control charge and
discharge of the battery or a circuit to control output voltage
from the battery, the power conversion efficiency at the
light-load is degraded to increase the annual power usage,
compared with a case in which the power is directly supplied
from the power supply unit to the load. Furthermore, since
the control is performed so as to switch the supply of the
power from the power supply unit to the battery depending
on the state of the load, the charge and discharge of the
battery is frequently repeated if the state of the load is
frequently varied. As a result, there is a problem in that the
battery is deteriorated to shorten the life of the battery.

SUMMARY OF THE INVENTION

Preferred embodiments of the present invention provide a
switching power supply apparatus capable of effectively
reducing or minimizing power usage.

According to a preferred embodiment of the present
invention a switching power supply apparatus includes a
converter circuit that is configured to have efficiency char-
acteristics in which the power conversion efficiency at a
rated load is higher than the power conversion efficiency at
a light load and that converts power-supply voltage into
direct-current voltage to output the direct-current voltage; a
switching unit configured to switch supply and shutoff of the
power-supply voltage to the converter circuit; a charge unit
configured to store the direct-current voltage output from the
converter circuit; a detecting unit configured to detect an
amount of charge in the charge unit; and a controller
configured and programmed to switch the switching unit
based on the amount of charge detected by the detecting unit.
The controller is configured and programmed to set the
switching unit to the shutoff state if the amount of charge in
the charge unit is higher than a first threshold value and set
the switching unit to the supply state if the amount of charge
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in the charge unit is lower than a second threshold value. The
controller is configured and programmed to output the
direct-current voltage subjected to the conversion in the
converter circuit and store the direct-current voltage sub-
jected to the conversion in the converter circuit in the charge
unit when the switching unit is in the supply state and output
the direct-current voltage stored in the charge unit when the
switching unit is in the shutoff state. A frozen period in
which the switching unit is in the shutoff state is controlled
depending on an increase and a decrease of output power
and the frozen period is lengthened with the decreasing
output power.

In the switching power supply apparatus having the above
configuration, the supply state and the shutoff state in the
switching unit are controlled in accordance with the amount
of charge in the charge unit. The frozen period in which the
switching unit is in the shutoff state is controlled in accor-
dance with increase and decrease of the output power and
the frozen period is lengthened with the decreasing output
power to operate the switching power supply apparatus in a
high-efficiency state, thereby reducing accumulated power
usage.

The switching power supply apparatus may include a
voltage conversion unit configured to perform voltage con-
version of the direct-current voltage output from the charge
unit.

With the above configuration, it is possible to keep the
output with a high precision, specifically, it is possible to
output constant voltage even if the direct-current voltage
from the charge unit is varied.

The voltage conversion unit is, for example, a DC-DC
converter.

With the above configuration, it is possible to reduce the
power loss, for example, compared with a case in which
voltage control is performed by a dropper method, to reduce
the accumulated power usage.

The switching unit is, for example, a transistor.

With the above configuration, it is possible to reduce the
size of the switching unit.

The switching unit is, for example, a mechanical switch
(relay).

With the above configuration, it is possible to block a
power line with mechanical contacts to improve the safety at
the shutoff, thus improving the reliability at the shutoff.

The charge unit may be a secondary battery.

With the above configuration, the use of the secondary
battery allows the amount of charge to be increased to
further lengthen the time during which the power is supplied
from the secondary battery to the load. As a result, it is
possible of drive the converter circuit with a high efficiency
to reduce the accumulated power usage.

The charge unit may be a capacitor.

With the above configuration, since the capacitor has a
long life even with the increasing number of times of charge
and discharge, compared with the secondary battery, it is
possible to lengthen the lives of the switching power supply
apparatus and the charge unit.

The charge unit may be an electric double layer capacitor.

With the above configuration, it is possible to increase the
amount of charge, compared with the case in which the
charge unit is the normal capacitor, to lengthen the time
during which the voltage is supplied from the electric double
layer capacitor to the load. Accordingly, the time during
which the power is supplied from the charge unit to the load
is lengthened and the ratio of the time during which the
converter operates is relatively decreased to reduce the
accumulated power usage.
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The converter circuit may include a synchronous rectifier
circuit.

With the above configuration, it is possible to reduce
voltage drop when current flows and the loss in the rectifier
device, compared with diode rectification (asynchronous
rectification), to realize high efficiency.

The converter circuit may be an isolated converter includ-
ing an isolated transformer, and the controller may be
provided at a primary side of the converter circuit.

With the above configuration, it is possible to directly
control the switching unit to reduce the size of the circuit
that controls the switching in the switching unit.

The converter circuit may be an isolated converter includ-
ing an isolated transformer, and the controller may be
provided at a secondary side of the converter circuit.

With the above configuration, it is possible to directly
monitor and control the state of the charge unit to reduce the
sizes of a monitor circuit and a control circuit in the charge
unit.

According to various preferred embodiments of the pres-
ent invention, the configuration is adopted in which the
charge unit is used if the load is capable of being driven with
the amount of charge in the charge unit, it is possible to
constantly operate the converter circuit in the high-efficiency
state to reduce the accumulated power usage.

The above and other elements, features, steps, character-
istics and advantages of the present invention will become
more apparent from the following detailed description of the
preferred embodiments with reference to the attached draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram of a switching power supply
apparatus according to a first preferred embodiment of the
present invention.

FIG. 2 is a diagram illustrating an efficiency curve in an
efficiency improvement technology in related art.

FIG. 3 is a graph for describing a peak value of efficiency

FIG. 4 is a diagram illustrating an efficiency curve in the
switching power supply apparatus according to the first
preferred embodiment of the present invention.

FIG. 5A is a table illustrating output power, an accumu-
lated time, and power conversion efficiency in a configura-
tion in the related art.

FIG. 5B is a table illustrating output power, the accumu-
lated time, and the power conversion efficiency in the
configuration of a preferred embodiment of the present
invention.

FIG. 6A is a diagram illustrating a result of comparison in
the power conversion efficiency and power loss between the
related art and the present preferred embodiment of the
present invention and illustrates power conversion efficiency
ndd of an isolated converter.

FIG. 6B is a diagram illustrating a result of the compari-
son in the power conversion efficiency and the power loss
between the related art and the present preferred embodi-
ment of the present invention and illustrates conversion
efficiency msys of the switching power supply apparatus.

FIG. 6C is a diagram illustrating a result of the compari-
son in the power conversion efficiency and the power loss
between the related art and the present preferred embodi-
ment of the present invention and illustrates a used power
amount Pin of a commercial power supply.

FIG. 6D is a diagram illustrating a result of the compari-
son in the power conversion efficiency and the power loss

5

10

15

20

25

30

35

40

45

50

55

60

65

4

between the related art and the present preferred embodi-
ment of the present invention and illustrates power loss P
of the switching power supply apparatus.

FIG. 7 is a diagram illustrating efficiency characteristics
in which a frozen state period is varied depending on the
weight of a load to vary the output power.

FIG. 8 is a circuit diagram of a switching power supply
apparatus according to a second preferred embodiment of
the present invention.

FIG. 9 is a circuit diagram of a switching power supply
apparatus according to a third preferred embodiment of the
present invention.

FIG. 10 is a circuit diagram of a switching power supply
apparatus according to a fourth preferred embodiment of the
present invention.

loss

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

First Preferred Embodiment

FIG. 1 is a circuit diagram of a switching power supply
apparatus according to a first preferred embodiment of the
present invention. A switching power supply apparatus 1
converts alternating-current voltage (power-supply voltage
of the present invention) supplied from a commercial power
supply 100 into direct-current voltage to supply the direct-
current voltage to loads 101 and 102. The commercial power
supply 100 is, for example, an alternating-current power
supply of 100 V to 230 V. For example, when the switching
power supply apparatus 1 is used in a copier machine, each
of the loads 101 and 102 is a motor or a drive control circuit
of the copier machine. For example, the load 101 is a high
power load and the load 102 is a low power load. The load
101 is a circuit or the like that does not operates in a light
load state (a standby mode) and the load 102 is a circuit or
the like that constantly operates also in the light load state
(the standby mode).

The switching power supply apparatus 1 includes isolated
converters 2A and 2B. Each of the isolated converters 2A
and 2B is a direct current (DC)-DC converter including a
switching transformer. The isolated converter 2B corre-
sponds to a “converter circuit” and has efficiency character-
istics in which the power conversion efficiency in a rated
load state is higher than the power conversion efficiency at
the light load. A rectifier circuit at a secondary side of the
isolated converter 2B is, for example, a synchronous rectifier
circuit and has efficiency characteristics in which the power
conversion efficiency in the rated load state is higher than the
power conversion efficiency at the light load. Since the
isolated converters 2A and 2B each adopt the synchronous
rectification mode, it is possible for the isolated converters
2A and 2B to reduce the loss in the rectifier device to realize
high efficiency, compared with diode rectification (asyn-
chronous rectification). The configurations of the isolated
converters 2A and 2B are not specifically limited and may be
appropriately designed.

The switching power supply apparatus 1 includes an
electromagnetic interference (EMI) filter 11, a diode bridge
circuit 12, an n-type metal oxide semiconductor field effect
transistor (hereinafter simply referred to as an FET) 13, and
a power factor correction (PFC) converter 14 at its primary
side. The commercial power supply 100 is connected to the
EMI filter 11 to prevent leakage or invasion of noise through
wiring. The diode bridge circuit 12 performs full-wave
rectification to the alternating-current voltage from which
the noise is reduced in the EMI filter 11.
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The drain of the FET 13 is connected to the diode bridge
circuit 12 and the source thereof is connected to the PFC
converter 14 and the isolated converter 2B. The gate of the
FET 13 is connected to a micro control unit (MCU) 8
described below and the FET 13 is turned on and off by the
MCU 8. Although the FET 13 is a switching unit and is an
electronic switch (transistor) using the FET, the FET 13 may
be a relay that connects and blocks a power line with
mechanical contacts to improve the safety at the shutoff, thus
improving the reliability. The PFC converter 14 is a circuit
to improve the power factor and is connected to the isolated
converter 2A.

The switching power supply apparatus 1 includes a sec-
ondary battery 3, a post regulator 4, an FET 5, a voltage
detector 6, a current detector 7, and the MCU 8 at its
secondary side. The voltage detector 6 detects the voltage of
the secondary battery 3 to supply the result of the detection
to the MCU 8. The current detector 7 detects the current
flowing into the secondary battery 3 to supply the result of
the detection to the MCU 8.

The MCU 8 is configured and programmed to control
turning on and off of the FET 13 and the FET 5 on the basis
of the amount of charge in the secondary battery 3, which is
acquired from the results of the detection in the voltage
detector 6 and the current detector 7.

The drain of the FET 5 is connected to the isolated
converter 2B, the source thereof is connected to the second-
ary battery 3, and the gate thereof is connected to the MCU
8. In response to turning on or off of the FET 5, the
secondary battery 3 stores the direct-current voltage sup-
plied from the isolated converter 2B or discharges (outputs)
the direct-current voltage that is charged. The post regulator
(dropper) 4 is connected to the isolated converter 2B. The
post regulator 4 reduces high-frequency ripples of the direct-
current voltage output from the isolated converter 2B or the
secondary battery 3 to supply the direct-current voltage to
the load 102.

In the switching power supply apparatus 1 having the
above configuration, if the amount of charge in the second-
ary battery 3 is lower than a threshold value (a second
threshold value of the present invention), the MCU 8 turns
on the FET 13 and the FET 5. This threshold value is, for
example, the amount of charge in the secondary battery 3
with which the voltage allowing the load 102 to be driven
can be supplied. In response to turning on of the FET 13, the
direct-current voltage output from the isolated converter 2A
is supplied to the load 101. The direct-current voltage output
from the isolated converter 2B is supplied to the load 102
through the post regulator 4. Concurrently, the direct-current
voltage output from the isolated converter 2B is supplied to
the secondary battery 3 to cause the secondary battery 3 to
start the charge. A state in which the FET 13 is turned on and
the voltage from the commercial power supply 100 is being
supplied to the loads 101 and 102 is hereinafter referred to
as a drive state of the isolated converters 2A and 2B.

Upon detection of full charge of the secondary battery 3,
the MCU 8 turns off the FET 13 so as not to cause
overcharge of the secondary battery 3. The MCU 8 may turn
off the FET 13 if the amount of charge in the secondary
battery 3 is higher than or equal to an amount of charge close
to the full charge (a first threshold value of the present
invention), instead of the full charge of the secondary battery
3.

The MCU 8 turns on the FET 5 in the state in which the
FET 13 is turned off. The direct-current voltage stored in the
secondary battery 3 is supplied to the load 102 through the
source and the drain of the FET 5 at this time. A state in
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which the FET 13 is turned off and the isolated converters
2A and 2B do not operate is hereinafter referred to as a
frozen state of the isolated converters 2A and 2B. In the
frozen state, the voltage stored in the secondary battery 3 is
supplied to the load 102 while no voltage is supplied to the
load 101.

When the FET 5 is turned on in the frozen state of the
isolated converters 2A and 2B and current flows between the
source and the drain of the FET 5, conduction loss caused by
forward voltage of the diode is suppressed, compared with
a case in which current flows through a body diode D of the
FET 5, to achieve higher efficiency, compared with the case
in which the FET 5 is turned off.

In the present preferred embodiment, the operation of the
switching power supply apparatus 1 in the drive state or the
frozen state depending on the amount of charge in the
secondary battery 3 allows monthly (daily or weekly) accu-
mulated power usage [Wh] of a device (for example, the
copier machine) having the switching power supply appa-
ratus 1 installed therein to be greatly reduced, compared
with an efficiency improvement technology in related art.
Reasons why the accumulated power usage [Wh] is not
sufficiently reduced with the efficiency improvement tech-
nology in the related art will be described below.

In a configuration in the related art, the secondary battery
is provided, as in the present preferred embodiment, and the
voltage from the commercial power supply is supplied to the
load when the load 101 is in the rated load state (a so-called
operation mode) and the charge voltage in the secondary
battery is supplied to the load when the load 101 is in the
light load state (the so-called standby mode). The supply of
the power to the load is efficiently performed depending on
the state at the load side in the above manner to reduce the
amount of power supply per unit time, thus realizing the
improvement in the efficiency in the efficiency improvement
technology in the related art.

FIG. 2 is a diagram illustrating an efficiency curve in the
efficiency improvement technology in the related art. In the
graph illustrated in FIG. 2, the horizontal axis represents
output current lo and the vertical axis represents efficiency
11 of the power supply. The load side is at heavy load when
the output current o is large and the load side is at the light
load when the output current lo is small. The efficiency 1 is
equal to Po/Pi (n=Po/Pi) where Pi denotes input power and
Po denotes output power. The input power Pi is equal to
Po+P,, .. (Pi=Po+P, ) where P, ., denotes power loss.

Improvement of the efficiency 1 from a broken-line curve
to a solid-line curve with the efficiency improvement tech-
nology in the related art is illustrated in FIG. 2. In the related
art, the power loss is reduced by, for example, improving the
performance of electronic devices in a power conversion
circuit to increase the entire efficiency 1 from the light load
to the heavy load, as illustrated in FIG. 2, thus entirely
reducing the power loss. However, the efficiency n at the
light load is still low in this case. For example, in the case
of the copier machine, since the time of the light load state
(the standby mode) in one day is longer than the time of the
rated load state (the operation mode), higher improvement
rate (the reduction in the accumulated power usage [Wh]) is
not expected if the improvement rate of the efficiency m in
the light load state is low.

Reasons why the accumulated power usage [Wh] is
greatly reduced with the switching power supply apparatus
1 according to the present preferred embodiment will be
described below with reference to graphs.

FIG. 3 is a graph for describing a peak value of the
efficiency m. In general, the power loss P, in the isolated
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converter is represented by the sum of loss (proportional
loss) alo proportional the output current, loss (fixed loss) Pc
that has no relationship to the output current, and loss
(square proportional loss) plo® proportional to the square of
the output current. The efficiency m is represented by the
following Equation (1):

Math 1
Po (1)
=515
Po + P
Vo-lo
" Vo-Io + (Pc + ado + Blo?
Vo

Vo+(% +0z+ﬁ10)

As illustrated in FIG. 3, since the fixed loss Pc has no
relationship to the output current, the ratio of the fixed loss
Pc to the output current is decreased with the increasing
output current. In other words, the efficiency 1 based on the
fixed loss Pc is increased with the increasing output current.
In contrast, the ratio of the square proportional loss flo” to
the output current is increased with the increasing output
current. In other words, the efficiency n based on the square
proportional loss Plo® is decreased with the increasing
output current. Accordingly, the efficiency n has the peak
value when the fixed loss Pc is equal to the square propor-
tional loss Blo®. The efficiency 1 has the peak value when
Pc/lo=flo and the efficiency 1) is maximized when Io=V(Pc/
p)-

FIG. 4 is a diagram illustrating an efficiency curve in the
switching power supply apparatus 1 according to the present
preferred embodiment. Great improvement of the power
efficiency at the light load by moving the peak value of the
efficiency m (Io=V(Pc/B)) toward the light load side is
illustrated in FIG. 4. In order to greatly improve the power
efficiency, it is necessary to make Io=vV(Pc/f) small. If f is
increased, the square proportional loss flo® is increased to
disadvantageously increase the power loss. Accordingly, it is
necessary to decrease the fixed loss Pc.

However, since the fixed loss Pc has no relationship to the
output current lo, it is necessary to use variable loss related
to the output current lo in order to decrease the fixed loss Pc.
Conversion of the fixed loss into the variable loss is enabled
by varying a period during which the isolated converters 2A
and 2B are in the drive state and a period during which the
isolated converters 2A and 2B are in the frozen state
depending on the weight of the load 101 to supply the power.
Specifically, the isolated converters 2A and 2B are caused to
operate in a high-efficiency state to charge the secondary
battery 3 and supply the voltage from the secondary battery
3 to the load 102 in the frozen state if the amount of charge
in the secondary battery 3 is lower than or equal to the
threshold value even at the light load. Accordingly, the input
power in the frozen state is infinitely close to zero.

Reasons why the accumulated power usage [Wh] is
reduced with the switching power supply apparatus 1
according to the present preferred embodiment will be
described below using expressions.

FIG. 5A is a table illustrating the output power, an
accumulated time, and the power conversion efficiency in
the configuration in the related art. FIG. 5B is a table
illustrating the output power, the accumulated time, and the
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power conversion efficiency in the configuration of the
present preferred embodiment. Each value in FIG. 5B is for
the load 102.

In the configuration in the related art, as illustrated in FI1G.
5A, the output power to the load 102 is denoted by Pstby, the
power conversion efficiency is denoted by mlow, and the
accumulated time when the load 102 enters the standby
mode is denoted by hl in the standby mode. The output
power to the load 102 is denoted by Prate, the power
conversion efficiency is denoted by nrate, and the accumu-
lated time when the load 102 enters the operation mode is
denoted by h2 in the operation mode.

In the configuration of the present preferred embodiment,
as illustrated in FIG. 5B, the total accumulated time of the
drive state and the frozen state in the standby mode is equal
to the accumulated time hl of the standby mode in the
related art and the total accumulated time of the drive state
and the frozen state in the operation mode is equal to the
accumulated time h2 of the operation mode in the related art.
In the frozen state in the standby mode and the operation
mode, that is, when the power is supplied from the second-
ary battery 3 to the load 102, the output power to the load
102 in the standby mode is the output power Pstby in the
related art and the output power to the load 102 in the
operation mode is the output power Prate in the related art.

Pmid>Pstby where Pmid denotes the output power in the
drive state in the standby mode because the charge power to
the secondary battery 3 is required. The accumulated time in
the frozen state is equal to hl-h3 where h3 denotes the
accumulated time in the drive state in the standby mode.
Pmax>Prate where Pmax denotes the output power in the
drive state in the operation mode because the charge power
to the secondary battery 3 is required. The accumulated time
in the frozen state is equal to h2-h4 where h4 denotes the
accumulated time in the drive state in the operation mode.
The power conversion efficiency in the drive state in the
standby mode is denoted by mhighl and the power conver-
sion efficiency in the frozen state in the standby mode is
denoted by mhigh2. The power conversion efficiency in the
drive state in the operation mode is denoted by mratel and
the power conversion efficiency in the frozen state in the
operation mode is denoted by mrate2. The power conversion
efficiency mhigh2 and the power conversion efficiency
mrate2 in the frozen state are the efficiencies when the power
is supplied from the secondary battery 3 to the load 102.

The output power in the operation mode is higher than the
output power in the standby mode. Accordingly, the mag-
nitude relationship between the respective output powers is
represented by Pmax>Prate>Pmid>Pstby. Since the high
efficiency is generally achieved when the output power to
the load is high, the magnitude relationship of the power
conversion efficiencies of the isolated converter are
represented by mratelznrate2>nhighl>nlow. Accordingly,
the magnitude relationship of the power conversion efficien-
cies are generally represented by mratelzmrate2>
nhigh2>nhigh1>>nlow.

The following equations are established:

Wh(prior)=Pstbymlowxh1+Prate/mratexh?2

Wh(new )=Pmidmhighlxh3+Pstby/mhigh2x(h1-h3)+
Pmax/mratelxhd+Prate/mrate2x (h2-h4)
where Wh(prior) denotes a simple power usage in the related
art and Wh(new) denotes a simple power usage of the
present preferred embodiment.
In general, mratel=mrate2 and Pstby/mhigh2x(hl-
h3)<Pstby/mlowxhl. Accordingly, the use of the isolated
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converter in which nhighl is sufficiently higher then nlow
(nhighl>nlow) so as to establish Pmid/mhigh1xh3<Pstby/
nlowxhl allows Wh(new)<Wh(prior) to be achieved. As
described above, the switching power supply apparatus 1
according to the present preferred embodiment is capable of
reducing the power usage per unit period, compared with the
related art, to reduce the accumulated power usage [Wh].

FIG. 6A to FIG. 6D are diagrams illustrating results of
comparison in the power conversion efficiency and the
power loss between the related art and the present preferred
embodiment. Each value in the related art is represented by
a broken line and each value of the present preferred
embodiment is represented by a sold line in FIG. 6A to FIG.
6D.

FIG. 6A illustrates power conversion efficiency ndd of the
isolated converter 2B. In the present preferred embodiment,
no output power is output from the isolated converter 2B and
no current flows through the isolated converter 2B in the
frozen state in the standby mode and the operation mode. As
illustrated in FIG. 5B, the output power in the operation
mode of the present preferred embodiment is higher than
that in the related art. Accordingly, the power conversion
efficiency mdd of the isolated converter 2B of the present
preferred embodiment is improved, compared with the
related art.

FIG. 6B illustrates conversion efficiency msys of the
switching power supply apparatus 1. The power is supplied
to the load 102 not from the isolated converter 2B but from
the secondary battery 3 in the frozen state in the standby
mode. In the drive state in the operation mode, the input
power of the present preferred embodiment is higher than
that in the related art because the charge power to the
secondary battery 3 is added. Accordingly, the conversion
efficiency msys of the switching power supply apparatus 1 of
the present preferred embodiment is improved, compared
with the related art.

FIG. 6C illustrates a used power amount Pin of the
commercial power supply 100. In the related art, a small
used power amount occurs even in the standby mode and the
power usage is high in the operation mode. In contrast, in the
present preferred embodiment, no power usage occurs in the
frozen state in the standby mode and the power usage of the
present preferred embodiment is higher than that in the
related art in the drive state in the operation mode because
the charge power with which the secondary battery 3 is
charged is added.

FIG. 6D illustrates the power loss P, . of the switching
power supply apparatus 1. In the related art, low power loss
occurs in the standby mode and the power loss is increased
in the operation mode. In the present preferred embodiment,
the power loss P, is low in the drive state in the standby
mode because the power is supplied from the secondary
battery 3. The efficiency of the present preferred embodi-
ment is higher than that in the related art in the operation
mode because the charge power with which the secondary
battery 3 is charged is added. However, the loss in the
present preferred embodiment is nearly equal to that in the
related art because the power that is processed is increased
in the present preferred embodiment.

FIG. 7 is a diagram illustrating efficiency characteristics
in a case in which the period during which the isolated
converters are in the frozen state is varied depending on the
weight of the load to vary the output power. As illustrated in
FIG. 7, in the present preferred embodiment, the efficiency
characteristics of the entire switching power supply appa-
ratus 1 are constantly high regardless of the output current
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10
Io despite the fact that the isolated converter 2B having the
efficiency characteristics illustrated in FIG. 3 is used.

As described above, it is possible to reduce the power
usage per unit period, for example, the daily power usage or
the monthly power usage in the present preferred embodi-
ment. In addition, it is possible to reduce the power usage
even in consideration of forgetting of turning off of a power
switch of an electronic device, which is the load, to reduce
the annual power usage, thus achieving power saving.

Second Preferred Embodiment

FIG. 8 is a circuit diagram of a switching power supply
apparatus according to a second preferred embodiment of
the present invention. The present preferred embodiment
differs from the first preferred embodiment in that a switch-
ing power supply apparatus 1A includes the MCU 8 at the
primary side. The other components of the second preferred
embodiment are the same as those of the first preferred
embodiment. The provision of the MCU 8 at the primary
side enables the direct turning on and off of the FET 13,
compared with the case in which the MCU 8 is provided at
the secondary side. In the second preferred embodiment, it
is possible to reduce the accumulated power usage [Wh], as
in the first preferred embodiment and so on, and the provi-
sion of the MCU 8 and so on at the primary side when the
size at the secondary side of the isolated converters 2A and
2B is increased due to the provision of safety standards, etc.
allows the increase in the size at the secondary side to be
significantly reduced or prevented.

Third Preferred Embodiment

FIG. 9 is a circuit diagram of a switching power supply
apparatus according to a third preferred embodiment of the
present invention. A switching power supply apparatus 1B
according to the third preferred embodiment includes a
capacitor 9 as a charge unit. When the capacitor 9 is used as
the charge unit, the life of the charge unit is lengthened,
compared with the case in which the secondary battery 3 is
used as the charge unit. The capacitor 9 is not in the
overcharge and it is possible to prevent the capacitor 9 from
being in overvoltage on the basis of the voltage of the
voltage detector 6 under the control of the MCU 8. Accord-
ingly, it is not necessary to provide the FET 5 of the first and
second preferred embodiments to reduce the number of the
devices in the switching power supply apparatus 1B. The
capacitor 9 accumulates the electric charge as electrostatic
energy while the secondary battery 3 accumulates the elec-
tricity with electrochemical reaction. In other words, the
internal resistance of the capacitor 9 is lower than that of the
secondary battery 3. Consequently, it is possible to shorten
the charge time of the capacitor 9, compared with the charge
time of the secondary battery 3. Since the use of the
capacitor 9 allows the period of the drive state to be
shortened and allows the period of the frozen state to be
relatively lengthened, it is possible to reduce the loss in the
isolated converters 2A and 2B.

An electric double layer capacitor may be used as the
charge unit. Since the electric double layer capacitor has a
capacitance higher than the capacitance of the normal
capacitor, it is possible to lengthen the period of the frozen
state to more greatly reduce the accumulated power usage
[Wh].

The switching power supply apparatus 1B according to
the third preferred embodiment includes a DC-DC converter
4A, instead of the post regulator 4, as a voltage conversion
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unit. In this case, it is possible to increase the power
efficiency, compared with the case in which the post regu-
lator 4 adopting the dropper method is used, and reduce the
size of the device to realize space saving.

Fourth Preferred Embodiment

FIG. 10 is a circuit diagram of a switching power supply
apparatus 1D according to a fourth preferred embodiment of
the present invention. The switching power supply apparatus
1D according to the fourth preferred embodiment does not
cause the isolated converters 2A and 2B to be in the frozen
state but forcedly causes the isolated converters 2A and 2B
to be in the drive state if the load 102 is in the rated load state
even when the amount of charge in the secondary battery 3
is higher than or equal to the threshold value (the full
charge). In the present preferred embodiment, the MCU 8
determines whether the load 102 is in the rated load state.

In order to determine whether the load 102 is in the rated
load state, for example, the switching power supply appa-
ratus 1D may include an output power detector that detects
the output power to the load 102 and may determine that the
load 102 is in the rated load state if the output power to the
load 102, acquired from the result of the detection in the
output power detector, is higher than or equal to a certain
value. Alternatively, for example, the MCU 8 may receive an
external signal to determine the state of the load 102. The
circuit that transmits the external signal is a circuit to
determine the state of the load 102. The circuit may be
provided in the load 102 or may be provided separately from
the load 102.

If the MCU 8 determines that the load 102 is in the rated
load state, the MCU 8 sets the isolated converters 2A and 2B
to the drive state even when the amount of charge in the
secondary battery 3 is higher than or equal to the threshold
value (in the full charge). In the rated load state, the rate of
discharge from the secondary battery 3 is high and the
amount of charge in the secondary battery 3 is rapidly
decreased when the direct-current voltage is supplied from
the secondary battery 3 in the frozen state. Accordingly,
control in which the charge into the secondary battery 3 is
started a short time after the discharge from the secondary
battery 3 is repeated. As a result, the number of times of
charge and discharge into and from the secondary battery 3
is increased to decrease the life of the secondary battery 3.
Consequently, in the rated load state, the isolated converters
2 A and 2B are forcedly set to the drive state regardless of the
amount of charge in the secondary battery 3 to supply the
direct-current voltage from the isolated converter 2B to the
load 102. When the secondary battery 3 is in the full charge,
the MCU 8 turns off the FET 5 to stop the charge into the
secondary battery 3. This prevents the overcharge into the
secondary battery 3 to protect the secondary battery 3.

The specific configurations and so on of the switching
power supply apparatuses of the preferred embodiments
described above may be appropriately subjected to design
change. The effects and advantages described in the above
preferred embodiments are only preferred effects and advan-
tages of the present invention and the effects and advantages
according to the present invention are not limited to the ones
described in the above preferred embodiments.

While preferred embodiments of the present invention
have been described above, it is to be understood that
variations and modifications will be apparent to those skilled
in the art without departing from the scope and spirit of the
present invention. The scope of the present invention, there-
fore, is to be determined solely by the following claims.
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What is claimed is:

1. A switching power supply apparatus comprising:

a converter circuit configured to have efficiency charac-
teristics in which power conversion efficiency at a rated
load is higher than power conversion efficiency at a
light load and that converts power-supply voltage into
direct-current voltage to output the direct-current volt-
age;

a switching unit configured to switch supply and shutoft
of the power-supply voltage to the converter circuit,
such that when the switching unit is switched to shut off
the power-supply voltage to the converter circuit, the
power-supply voltage is prevented from being input to
the converter circuit;

a charge unit configured to store the direct-current voltage
output from the converter circuit;

a detecting unit configured to detect an amount of charge
in the charge unit; and

a controller configured and programmed to switch the
switching unit based on the amount of charge detected
by the detecting unit; wherein

the controller is configured and programmed to set the
switching unit to the shutoff state if the amount of
charge in the charge unit is higher than a first threshold
value and set the switching unit to the supply state if the
amount of charge in the charge unit is lower than a
second threshold value;

the controller is configured and programmed to output the
direct-current voltage subjected to the conversion in the
converter circuit and store the direct-current voltage
subjected to the conversion in the converter circuit in
the charge unit when the switching unit is in the supply
state and output the direct-current voltage stored in the
charge unit when the switching unit is in the shutoff
state; and

a frozen period in which the switching unit is in the
shutoff state is controlled depending on an increase and
a decrease of output power and the frozen period is
lengthened with the decreasing output power.

2. The switching power supply apparatus according to
claim 1, further comprising a voltage conversion unit con-
figured to perform voltage conversion of the direct-current
voltage output from the charge unit.

3. The switching power supply apparatus according to
claim 2, wherein the voltage conversion unit is a DC-DC
converter.

4. The switching power supply apparatus according to
claim 1, wherein the switching unit is a transistor.

5. The switching power supply apparatus according to
claim 1, wherein the switching unit is a mechanical switch.

6. The switching power supply apparatus according to
claim 1, wherein the charge unit is a secondary battery.

7. The switching power supply apparatus according to
claim 1, wherein the charge unit is a capacitor.

8. The switching power supply apparatus according to
claim 7, wherein the charge unit is an electric double layer
capacitor.

9. The switching power supply apparatus according to
claim 1, wherein the converter circuit includes a synchro-
nous rectifier circuit.

10. The switching power supply apparatus according to
claim 1, wherein

the converter circuit is an isolated converter including an
isolated transformer; and

the controller is provided at a primary side of the con-
verter circuit.
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11. The switching power supply apparatus according to
claim 1, wherein

the converter circuit is an isolated converter including an

isolated transformer; and

the controller is provided at a secondary side of the

converter circuit.

12. The switching power supply apparatus according to
claim 1, wherein the converter circuit includes two isolated
converters.

13. The switching power supply apparatus according to
claim 12, wherein the two isolated converters are isolated
DC-DC converters including a switching transformer.

14. The switching power supply apparatus according to
claim 1, further comprising an electromagnetic interference
filter, a diode bridge circuit, an n-type metal oxide semi-
conductor field effect transistor, and a power factor correc-
tion converter at a primary side.

15. The switching power supply apparatus according to
claim 1, further comprising a secondary battery, a post
regulator, an n-type metal oxide semiconductor field effect
transistor, a voltage detector, a current detector, and the
controller at a secondary side.

#* #* #* #* #*
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